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Abstract 
In this research we report deposition of thin films from the already synthesized chalcohalide (GeS1.5)1-x(AgI)x glasses, 
where x=5, 10, 20 mol.%. The bulk samples used and the corresponding layers are checked by XRD analysis which 
reveals only a diluted halo on the respective diffractograms. Some basic optical parameters of the investigated Ge-S-
AgI thin films are estimated and their relation with materials’ composition is determined. The influence of the third 
component on the optical absorption is discussed. The optical energy gap (Eg) is determined from the Tauc plot 
h =B(EgTauc – h )2 and Eg04 is found from the relationship =f(h ). The Eg values calculated by both methods reveal 
slight increase with silver iodide addition probably due to structural changes. 
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1. Introduction 
The silver- and silver salt-containing glassy chalcogenides are still object of scientific and practical 
interest. Among them there is a specific class of glasses called chalcohalides which possesses attractive 
properties. The major reason for development of chalcohalides doped with silver-containing component is 
opportunity of glass composition-properties variation with the introduction of functional component. The 
second advantage is the diversity of techniques for deposition of thin films that could be applied – thermal 
evaporation, magnetron-sputtering, PLD, etc. And the third reason is the role of silver, leading to some 
remarkable phenomena as high ionic conductivity, photoinduced changes, sorption abilities, etc. [1]. Thus, 
various applications using such materials are realized in practice or possess practical orientation, such as 
optical fibers [2], optical storage media [3], optical elements (lenses, waveguides, etc.) [4], solid state 
electrolytes for batteries [5], sensitive element in sensor systems for analyzing of liquids and gaseous 
analytes [6], memory devices [7].  
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Quite extensively studied materials for optical and electrical applications are Ge-S-based glasses due to 
their wide range of transparency and ability to be doped up to wide ranges [8]. For example, complicated 
chalcogenide glasses with AgI additives are known as appropriate infrared transmitters [9], but also as 
photosensitive material suitable for IR optics [10]. 
We decide for to investigate optical properties of thin films prepared from Ge-S-AgI glasses not only 
for their overall materials characterization but also for possible application realization. 
In this work the compositional dependence of the optical properties of (GeS1.5)1-x(AgI)x glasses, where 
x=5, 10, 20 mol.% are presented. 
 
2. Experimental 
Chalcohalide (GeS1,5)1-x(AgI)x bulk glasses, x = 5, 10 and 20 mol.%, are synthesized by conventional 
melt-quenching technique applying additional stirring and time prolonged regime. Additional information 
about preparation procedure is well summarized elsewhere [11]. The glassy state of the obtained bulk 
samples is successfully verified by X-ray diffraction (XRD) using diffractometer APD-15 Philips 2139“ 
with CuK  radiation and Ni filter in the 2  range from 10o to 60o. 
Vacuum installation Leybold LB 370, with a residual gas pressure of 1,3.10-3 Pa is used for the 
preparation of thin (GeS1,5)1-x(AgI)x films from the respective bulk glasses. The conditions of the layer 
deposition are: distance between source and substrate  0,12 m, temperature of the evaporation source  
700÷800 K, monitored by Ni-Ni/NiCr thermocouple. Due to possible sublimation of the investigated 
glasses, the films are deposited from a quasi-closed directly heated tantalum evaporator. The glass 
substrates are rotated during the preparation process in order to avoid thickness non-uniformity of the 
layers and to achieve compositional homogeneity. The thicknesses of the evaporated materials are in the 
range 670-810 nm. 
The optical transmission spectra of the deposited layers are recorded in the 400-2500 nm wavelength 
range using a double-beam computer-controlled Cary 5E UV–VIS–NIR spectrophotometer with an 
accuracy of ±0.5 nm. All optical measurements are performed at room temperature. The refractive index 
and film thickness have been determined from the corresponding optical transmission spectra by modified 
Swanepoel method [12]. 
 
3. Results & Discussion 
The prepared thin films are examined by X-ray diffraction (fig. 1a). The received plots reveal non-
crystalline character of the layers, proved by absence of peaks and well-expressed diluted halo. Some 
small deviations from the base signal are observed but they are related with worsen signal/noise ratio.  
The absorption edge of the transmission spectra of the (GeS1,5)1-x(AgI)x  layers is situated in the region 
600 – 670 nm (fig. 1b). The addition of the functional component, namely silver iodide, leads to visible 
shift to shorter wavelengths. Same result are already reported not only about similar glassy layers from 
the (GeS1,2)1-x(AgI)x  [13] and (GeS2)1-x(AgI)x [8] systems, but also at completely different AgI containing 
As-Se based glassy films investigated by Hineva et al. [9]. Obviously, the influence of the host Ge-S  
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Fig. 1. (a) X-ray diffraction of thin Ge34S51(AgI)15 film; (b). Transmission spectra of the studied layers 
backbone prevails over the changes introduced by silver iodide. Thus, the observed shift of the absorption 
edge is in agreement with other sulfur containing glasses, for example the case of Ge-S-Ag glasses 
reported by Kawaguchi et al. [10]. 
The optical constants and the thickness of the thin films are calculated from the transmission spectra 
using the method suggested by Swanepoel [12] for the case of uniform thin layers, which is based on the 
upper and lower envelopes of the transmission spectrum at normal incidence. 
On the figure 2 is presented the spectral dependence of the refractive index (n) of thin (GeS1,5)1-x(AgI)x  
films. In general, the increasing of silver iodide addition leads to n decrease. This tendency is probably 
connected with the decrease of the heteropolar bonds content (Ge-S, Ag-I, Ag-S) which are partially 
replaced by homopolar ones (S-S, Ge-Ge). Therefore, the effective polarisability increases followed by 
refractive coefficient diminution as proposed Marquez et al. [14]. 
 
Fig. 2. Spectral distribution of the refractive index in the studied system 
The absorption coefficient ( ) for all investigated films (fig. 3) is determined in the region of strong 
absorption (where   104 cm-1), which involves optical transitions between the valence and conduction 
bands [14]. The equation for absorption coefficient calculation is: 
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where d is the film thickness, R and T are layer reflectance and transmittance, respectively. 
 
Fig. 3. Spectral distribution of absorption coefficient in (GeS1,5)1-x(AgI)x  films 
The optical band gap is calculated by two methods: from the spectral distribution of absorption 
coefficient-Eg04 and by Tauc procedure-EgTauc. The optical band gap, Eg04, of amorphous materials is 
defined as the energy at which  takes the value in the region from 1.104 to 1.105 cm-1, but at 
chalcogenide glasses usually Eg04 is defined as energy at  =2.104 cm-1 as plotted on figure 3 [15]. 
The other approach for optical gap (EgTauc) determination is Tauc relation about the allowed non-direct 
transitions:  
( hv)1/2 = B(hv-EgTauc)  (2) 
where hv is effective photon energy, B – parameter which depends on the transition probability, EgTauc -  
 
Fig. 4. ( h )1/2 versus the photon energy h  of thin (GeS1,5)1-x(AgI)x  films 
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the optical band gap. The optical band gap energy is evaluated from the intercept of the energy axis with 
the linear fit in high absorbing region (   104 cm-1) by plotting ( h )1/2 versus h , known as Tauc 
extrapolation [16]. The Tauc plots of ( hv)1/2 versus hv are shown on figure 4. 
In general, the thin films, investigated in this work reveal a tendency of increasing of Eg after AgI 
addition (fig. 5), due to structural transformation in the material. Obviously, AgI introduction is  
 
Fig. 5. Compositional dependence of the Eg of (GeS1,5)1-x(AgI)x layers 
responsible for a compositional change of the host material and to formation of stronger bonds, leading to 
increase of the optical band gap [3]. Having in mind the results, reported by Boycheva et al. [17], we 
suppose that saturation of the defects (wrong bonds, vacancies, etc.) occurs after addition of AgI into the 
studied chalcogenide matrix. This leads to compensation of many localized states inside the band gap and 
around Fermi level of the material. We also have found data reported by Petkov et al. [18] where GeSe2-
Sb2Se3-AgI20 thin films show similar band gap behavior. 
 
4. Conclusion 
Novel thin (GeS1,5)1-x(AgI)x films have been successfully obtained by well known and reliable 
deposition technique as vacuum thermal evaporation. The disordered structure of the deposited layers is 
proved by X-ray diffraction method.  
The Swanepoel method based on the transmission spectra is applied for refractive index calculations. 
The n tend to decrease with AgI addition over the studied spectral range 400-2200 nm. The observed 
phenomenon is probably related to decrease in the effective polarisability due to bonding transformations 
in the films’ structure. 
The optical band gap is determined by two methods. Silver iodide doping causes the optical band gap 
to increase most likely due to aforementioned bonding rearrangement in the material. In practice, this 
result in compensation of the localized states inside the band gap and around Fermi level followed by Eg 
increase. 
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